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1 
This invention is useful in the manufacture 
of solid fertilizers. If is particularly adaptable 
for the production of fertiiizer or other coin- 
Rounds which are solid reaction products of liquid 
acids and gases, and wherein reaction heat is 5 
evolved; the reaction heat serves fo vaP0rize any 
diluent liquid such as water which is usually as- 
sociated with the liquid acid, as it would be used 
commercially. A tyPical reaction is that between 
sulfuric acid and ammonia gas which yields solid 10 
ammonium sulfate, as 
2NH + I-ImSO- (NH) 2S04 
In the manufacture of fertilizers, it is coin- 
mon to conduct the desired reactions in liquid 15 
phase and thon evaporate the resulting solu- 
tion fo a point where crystallization can occur. 
However, control of crystallization is a problem 
which has received much attention. Depending 
on the process used, the crystals of the fertilizer 20 
compound yielded by the reaction must satisfy 
several criteria. If direct drying is to be em- 
ployed, the crystals must be of a size and shape 
which facilitate good heat transfer rates, yet the 
crystals must not decrepitate and dust too much 25 
on heating. If concentration by blungin proc- 
esses are employed, then the particle size distri- 
bution of the crystals must be carefully controlled 
as well as the total soIids concentration in the 
liquor so that balling of the solids on the one 30 
hand or the formation of rhin slurries on the 
other are avoided. Whatever process of crystal 
formation is employed, if is important that the 
product crystals of fertilizer should be relatively 
large and have sufficient mechanical strength fo 35 
withstand the shocks of transportation and ap- 
pl¤cation fo the soil without a high dust loss. 
Though, in some instances, fertilizer coin- 
Rounds can be ruade by wet processes which 
satisfy all the above criteria, such processes are 40 
rather complex, require considerable equipment 
and labor in their operation and are character- 
ized by high consumption of fuel, which adds 
unduly fo the cost of the marketable Product. 
These difficulties have hampered the widespread 45 
use of several compounds as fertilizers. Like- 
wise, "dry" processes wherein dry ammonia gas 
is contacted with atomized acid in concurrent 
downward fiow have hot yielded solid compounds 
of sufficient size fo minimize dust losses in mak- 50 
ing and in using the fertfllzer. In addition, con- ' 
current flow of gas and acid is not suited for 
the most efficient contact and use of the react- 
ants and the control of operating conditions, 
such as temperatures in the reaction zone, is  
dtfficult. 
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So, it is an obect of this invention fo over- 
corne the difficulties of other fertilizer manufac- 
turin processes and yield  fertilizer-compound 
directly as a reaction product, thus simplifyin 
the manufacturing steps and makin the prod- 
uct less expensive. More specificaily, i is an ob- 
ject of this invention to yield the reaction prod- 
uct or fertilizer compound in a dust-free, petlieu- 
lar nodulized form which resists thermal and 
mechanical shocks. Another object o-f this in- 
vention is fo utilize the hea evolved in reactin 
the acid and gas to vaPorize the water or other 
liquid associated with commercial acds and thus 
minimize fuel consumption. (As used herein he 
word fertiiizer includes simple or complex solids 
capable of yieldin nutritive values fo plants.) 
These objects, and others that may appear as 
this specification proceeds, are attainable by 
reactin liquid acid and a suitable gas, at ap- 
propriate temperatures, in the presence of a 
fiuidized mass or bed of fine solid particles. The 
nature of a fiuidized mass or bed and its impor- 
tance in this invention will be more futly ex- 
plained as this specification continues. 
The simplest embodiment of this invention 
(defined with gTeater precision in the appended 
claims) is typified by the reaction of liquid sul- 
furic acid and aseous ammonia to yield nodules 
of solid ammonium' sulfate. To a vertical en- 
closed chamber or reactor there is supplied a 
mass of finely-divided dry ammonium sulfate 
particles which are preferably finer than 8 mesh 
(Tyler Standard Screen); these solid particles 
are supported within the vessel above a as per- 
meable member, hereafter referred to as a con- 
striction plate. Ammonia as, under pressure, 
and possibly diluted with inert components is 
supplied fo the lower portion of the rector be- 
low the constriction plate; the ammoni.a fiows up 
throuh the mass or bed of particles at a low 
space velocity (of the order of 0.5-5 feet per sec- 
ond) and thereby densely-suspends or fiuidizes 
the solids fo a turbulent mobflized mass or bed, 
which appears like a boilin liquid and which 
presents a fluid-like surface level. Simultaneous- 
ly, liquid sulfuric acid is sprayed (or otherwise 
supplied) fo the fluidized solid particles, above 
the quasi-liquid level. The mobilized particles 
are coated with a rhin film of the acid. The 
uprisin ammonia as in which the mobilized 
particles are enveloped rects with the sulfuric 
acid film to precipitate more ammonium sulfate 
in situ on the surface of the nucleus particles of 
amrnonium sulfate. The ammonium sulfate Pre- 
cipitated is probably deposited on the nucleus par- 
tic]es in the form of tiny, if not microscopic-sized, 
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particles which are se small that instead of being 
knocked off the surface of the original nucleus 
particle while if follows ifs whirling, turbulent 
course, they assume the ferre oî a rhin hard skin 
or pe!licle or integument on the nuclens particles. 
Thns, successive pellicles of fresh ammonium sul- 
fate are deposiçed in a iïrmly cohering, tenacious 
manner on the original nodule nucleus and yield 
larger sized, firm nodules or pe!lots of ammonium 
sulfate. This cohesion and ïormation of pellicles 
might be hampered or minimized if there were 
too much liquid phase water present; this is 
avoided by regulating the quantity and quality 
of the sulïuric acid used so that any water dilut- 
ing the acid is about equivalent fo the amount 
which can be evaporated by the heat generated 
by çhe exoçhermic reacçion of the ammonia and 
acid. The heat absorbed in vaporizing the diluent 
water also serves to keep the fiuidized bed ai 
a uniform operating temperature, whereby de- 
composition of the ammonium sulfate is minim- 
ized. Any residual gas, including water vapor, 
is emitted from the upper porçion of the reactor, 
and completed nodules of fertilizer are removed 
from the reactor. These may be sized and the 
undersize particles returned to the reactor to 
function as nuclei ïor further nodules; likewise, 
any dnst hot cohering fo the nucleus particles 
is entrained from the reactor by the residual 
gases and may be separated fo be returned with 
the undersize particles. Thus, the completed 
nodules of fertilizer are significantly dust-free. 
A point which deserves consideration is the 
avoidance oï formation oï ammonium bisulïate 
(NH4HSO4). This compound is undesirable be- 
cause of the low ratio of nitrogen to the other 
components. Since the ïormation oï ammouium 
bisulfate accompanies a deficiency of ammonia, 
this condition can be minimized by proportioning 
the fiow of reactants so that af least they con- 40 
tain the stoichiometric quantity of ammonia 
needed to yield ammonium sulfate 
Moreover, if any ammonium bisulfate is formed, 
it may react with additional ammonia in my 
process fo yield the desh'ed product. 45 
Itis also within the concept of this invention 
to do any or aH of the ïollowing: (a) pre-coat 
fine solid particles with a rhin film of acid and 
thon introduce them to the fiuidized bed, (b) use 
inert solids as nuclei particles for the reaction 
product fertilizer, (c) use other acids than sul- 50 
furic, for instance nitric or phosphoric, as well as 
mixed acids, () use fertilizer particles as nuclei 
which are chemically dissimflar from the reaction 
product fertflizer and (e) use reactant gases 55 
other tha.n ammonia. Thus, this invention re- 
volves around the carrying out of a liquid-gas 
reactiin in a fiuidized bed, thereby yielding pelli- 
clos of a solid reaction product. 
Reverting now to the use of the terms fiuidize, 60 
fluidized-solids and fluidized bed. These terres 
are nsed interchangeably in the art to designate 
a type of dense-suspension wherein nely-divided 
solid particles a.re dispersed in an upwardly mov- 
ing stream oi gas. When a gas passes upwardly'65 
through a mass of finely-divided solid particles 
three phenomena may occur. At very low space 
velocities, say of the order of less than 0.5 feet 
per second, the gas permeates and diffuses up 
through the solid mass, without imparting any 
apparent motion fo the particles. The gas ve« 
locity through the solid mass is always higher 
than the space velocity but the latter terre is used 
in the art for convenience; it is the velocity the 
gases would have if they fiowed up through 
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unobstructed passage having a free cross-sec- 
tional area equal fo that occupied by the solid 
mass of particles. Ai very high superficial ve- 
locities, e. g. of the order of 50 feet per second, 
5 the gas stream picks up the particles and entrains 
them with the gas stream, thus forming the typi- 
cal dilute gas-solid suspension or dispersion, as 
typified by dnsty air. Aç intermediate space ve- 
locities, another phenomenon occurs. Ai space 
10 velocities ranging between about 0.5 and 5.0 ïeet 
per second, the gas stream suspends the solid par- 
ticles o a fiuidized condition or bed. A fiuidized 
bed is a very dense suspension of solids in a gas; 
the solids content ma.y vary from 10 pounds fo 
13 over 100 pounds per cubic foot depending upol] 
the nature of the particles and the gas velocity. 
The particles in a fluidized bed are in turbulent, 
zig-zag motion and in appearance the fiuidized 
bed resembles a boiling liquid ; if presents a fiuid- 
20 like level and the particles therein flow under 
fiuistatic head. But more importantly, frein the 
viewpoint of conducting chemical reactions, is 
the high heat capacity and rapid heat transïer 
within a. fiuidized bed. These qualities result in 
25 a very high degree of temperature uniformity 
throughout a fiuidized bed; so much so that a 
fluidized bed may be characterized as therma]ly- 
homogeneous. 
While the use of fiuidized beds has been prorni- 
30 nent in the petroleum refining industry, espe- 
cially in catalytic cracking, they have not been 
adapted fo many other arts and the above de- 
scription has been incorporated in this specifica- 
tion in order to distinguish a fiuidized bed ïrom 
35 wet slurries, so-called fixed beds and dflute dis- 
persions or suspensions. This invention employs 
fluidized beds as an essential feature of the proc- 
ess. 
In forming pellicular nodules of ammonium 
sulfate, the fiow of materials is as outlined previ- 
ously. I prefer to use 60 % sulftu'ic acid, i. e. sul- 
furic acid which contains 40% water as a diluent. 
This concentration of acid reacts with satisfac- 
tory speed and in addition contains suflïcient 
diluent water, whose vaporization in the process 
absorbs most of the exothermic heat of reaction. 
This serres fo keep the temperature of the fiuid- 
ized bed between 80 ° and 140 ° C. Below 100 ° C. 
the vapor pressure of water in the reactor vessel 
is too low for most eflïcient operation of my proc- 
ess, whereas above 140 ° C. decomposition of the 
ammonium sulfate becomes a serious problem. 
If is to be noted that my process may operate at 
a temperature above 100 ° C. whereas it has been 
reported in the technical literature that ammo- 
nium sulfate decomposes af and above 100 ° C. 
In order fo maintain satisfactory turbulence of 
the fiuidized pa.rticles, it is desirable that ±.ho 
depth of the bed be between about two (2) to six 
(6) foot. However, these values are hot critical 
and may be altered fo suit variations in reactor 
design and operating conditions. With regard to 
the ammonia gas supplied fo the reactor, it is 
preferable that this be of af least moderate con- 
centrations and dfluted with relatively small 
quantifies of inert gases such as air. For, all other 
things being equal, the higher the concentration 
of ammonia gas, the higher the treating capacity 
for a giron reactor size. Since the solids in the 
70 bed weigh somewhat about 70 pounds per cubic 
foot, they exert a fiuistatic pressure af the bot- 
tom of the bed from about 1.7 to 2.8 pounds per 
square inch gauge. Considering frictional pres- 
sure losses, the gas supplied to the reactor must 
an 75 have a pressm'e somewhat higher than thes 



values, dependin, .of course, on the depth of the 
fluidized hed. Greater bed depths than the ranges 
indicated wfll requize proportionately hïgher inlet 
gas pressures. 
In addition fo the pressure requirements, the 
gases should be also supplied in quantifies which 
wfll yield a fluidizing space velocity, as previous- 
ty described. Furthermore, the ammonia should 
be present in amounts slIghtly above that re- 
quired for stoichiometric reaction with the sul- 10 
furic acid fo yield (NI-ID2SO and minimize 
formation of NHHSO. If is also important that 
the fluidized bed hot be too wet; a deficiency of 
ammonia may result in an excess of wet particles. 
Excessive wetness of the particles hampers 
fluidization as if tends fo make the individuel 
particles stick together and also interferes with 
the diffusion of the gases through the bed. On 
the other hand, the use of ammonia in quantifies 
significantly higher than that required for coin- 20 
plete reaction with the sulfuric acid may result 
in uneconomical losses of ammonia with the 
sidual gas. 8o, a careïul proportioning must be 
ruade with regard fo the quantifies of ammonia 
supplied fo the reactor. 25 
Eampe IF 
Tri the îorïnation oï ammonium nitrate by my 
prooess, the general fiow of materials is similar 
fo the process used for making ammonium sui- 30 
rate. However, because of the variations in the 
heat of reaction in forming ammonium nitrate 
as compared with ammonium sulfate, a less con- 
centrated form of acid may be used i. e., nitric 
acid containing as much as 45% by weight of 
water will e satisfactory. Moreover, in view 
of the relatively high decomposition and melting 
temperatures of solid ammonium nitrate, tem- 
peratures in the bed may be varied between 
80 ° C. and as high as 160 ° C. In general, the 
higher temperatures are preferable since the 
higher temperatures increase the rates of 
action, diffusion and vaporization. 
With regard fo the use of mixed acids, if may 
be noted that this invention offers a means of 
controlling in a simple manner the relative ratios 45 
of nutritive components such as nitrogen and 
phosphorus in the final product fertilizer. Thus, 
by proportioning the quality and quantity of the 
fluidizing reactant gas as well as the acid con- 
ditions, mixtures or mono- and di-ammonium 50 
phosphates, nitrates, and sulfates may be ob- 
tained--all in a useful nodulized, pellicular form. 
The superiority of my methods over conventional 
Practices thus may be appreciated. 
In the drawings, Figure 1 is a view of apparat 55 
tus suitable for practicing this invention and 
filustrates the flow of materials. Figures 2, 3, 4, 
and 5 are idealized representations of the mecha- 
nism of the formation of a pellicle or layer of 
solid ammonium sulfate on a nucleus particle. 6O 
More particularly in the drawings, Figure 1 
represents a single bed reactor vessel collective- 
ly designated Il, feed means for the solids col- 
lectively designated 12 and solids-classifying 65 
means collectively designated 3. The reactor 
! has side-wall members t, a detachable top 
member 18 and a detachable bottom member 
collectively forming a gas-tight vessel. Within 
the reactor ! is the bed of fiuidized-solids t 7O 
having ifs upper surface level $ determined by 
solid discharge conduit 21. The rate of with- 
drawal of solids from bed  through conduit 
2! fo classifier ri is regulated by valve 22. Gas 
is supplied fo the lower portion of reactor ! 

lnto wind-box  through conduit . The gas 
ftows up through the orifices - of constriction- 
plate 25 and fluidizes the solids in bed . 
actant liquid enters the reactor ! ! through con- 
duit !  and the rate thereof is regutated by valve 
l. The reactant liquid is discharged from con- 
duit . to spray-head 2} located in freeboard 
zone  and the liquid is downwardly directed 
toward the fluid-level 
tocated in top member 18 serves fo conduct 
residul gases from the reactor . Feed and 
re-cycted fine sotids enter hopper 3 and are 
forced into reactor 
oï bed I by screw 29 having casing }. Screw 
9 -isctuted by pulley ! which in turn is driven 
by belt 2, pulley  and motor  
In starting up the reactor !, air is supplied 
under pressure to windbox  through conduit 
2t nd fiows up erifices 2 of constriction plate 
2 ai a fluidizing velocity. Fine particles are sup- 
plied by feed-means 2 fo reactor ! et a point 
above the construction-plate . Gradually the 
level of uidized-solids buflds up and forms bed 
[ having fluid-level  which coincides with 
the inlet end o conduit 2. When the fluid- 
level 6 is estabtished, mmonia gas is supplied 
through conduit  and largely replaces the air. 
Thereupon, liquid acid is sprayed fo bed ! 5 from 
spray-head 2{} and treated so]ids are removed 
from reactor I! throu-h conduit 2. Pesidual 
gases flow up from bed  through freeboard- 
zone 2 and leave the reactor ! ! through conduit 
t. Any fine solids entrained by the residual 
gases ma" be separated by means hot shown and 
the fine solids returned fo the reactor I. 
Treated solids removed through conduit 2! enter 
solids-classifier  wherein the fine and coarse 
solids are segregated. Fine solids are re-cycled 
through conduit } fo feed-means 2 and the 
coarse solids are removed through line  for 
further utilization. 
Figures 2 through 5 represent the idealized 
mechanism whereby an individuel solid particle 
 in fluidized-bed I within reactor ! is built 
up to a pellicular nodule. A fine mist or spray 
 of sulfuric acid flows downwardly and forms 
a rhin liquid film  on the surface of solid 
particle . If is fo be noted that because of 
the turbulence prevailing in the fiuidized-solids 
bed 6, particles such as  are rotating and in 
rapid linear motion. Gases fiowing upwardly 
contain inert gas particles S and reactive gas 
partcles . The reactive gas particles  are 
absorbed on the surface of the solid particle . 
Gradually, the absorbed liquid and gaseous films 
react and form a solid reaction product pellicle 
or layer } which surrounds the so]id particle 
. This process continues until the particle is 
built up fo a relatively large nodule or pellet. 
Depending upon the nature of the gases and acids 
used, various intermediate solid reaction prod- 
ucts may be formed. For exemple, if ammonium 
bisulfate forms, it may react with more am- 
monia fo yield ammonium iulfate as 
NH4I-ISO÷NI- (NH4) 2804 
Likewise, ammonium sulfate may react with local 
excesses of sulfuric acid fo yield the bisulfate as: 
(NHD SO + HSO--> 2NI:IHSO 
By proper proportioning of the reactants, as in- 
dicated heretofore, the final quantity of these 
intermediates can be avoided or et least 
minimized. Similar phenomena may occur when 
phosphates are produced. 
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Though I have" described an embodiment of 
this invention wherein the heat of reaction serres 
to evaporate moisture or diluent water ïrom the 
reactant liquid, it is also wïthin the concept 
of this invention fo supply auxiliary heat fo the 
reactor vessel. This may be done in several 
ways, including pre-heating the reactants and 
inserting heating coils or tubes in the fluidized 
mass. 
Furthermore, though if usually is desirable fo 
proportion the reactant gas, e. g. ammonia, in 
stoicliiometric amounts if is also feasible fo sup- 
ply the reactant gas, in certain instances, in ex- 
cess of the stoichiometric. When this is done, 
if is preferable, in order fo avoid loss of reactant 
gas, fo pass the gas exiting from the reactor 
vessel through a condenser or drier fo remove 
evolved water vapor and thereafter compress 
the residual reactant gas which is thereupon re- 
turned to the reactor vessel. 
Having described my invention and examples 
thereof, what I claire is: 
1. The process of producing fertilizer material 
in solid particle form by reaction between am- 
monia gas and a water solution of an acid se- 
lected fl'om the group consisting of nitric, phos- 
phoric, and sulfuric acids, which process com- 
prises the steps of establishing and maintaining 
a bed of solid fertilizer particles, passing a stream 
of ammonia-bearing gas upwardl:¢ through the 
bed af a velocity suflïcient fo maintain the solid 
particles thereof as a dense turbulent fluldized 
suspension, supplying fo the bed for exothermic 
reaction therein a substantially stoichiometrical 
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quantity of said acid in water solution fo react 
with the ammonia gas within the bed with the 
simultaneous evaporation of the water of said 
solution whereb:¢ said reaction takes place on the 
surfaces of solid particles in the bed so that 
crements of dry reaction product are formed 
thereon fo yield fertflizer nodules built up fo 
a controlled spherical shape and size, discharg- 
ing spent fluidizing gas and evaporated water 
from above the bed, and continuously discharg- 
ing from the bed a quantity of thus built up fer- 
tilizer modules while continuously ïeeding fo the 
bed undersized solid ïertilizer particles. 
2. Process according fo claire 1, wherein the 
acid supplied fo the bed comprises a mixture 
oï acids selected from the group consisting of 
nitric, phosphoric, and sulfuric acids. 
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